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pample cilmqhickness aCpower ocpower brconcK
[nm] [t] [t] [at/cmP]
a1 TR±P 1 ORM SKSx1M19
aO 1SR±P O ORM Px1MOM
aP TR±P P ORM SKTx1MOM
a4 1MP±P R ORM 1K1Tx1MO1
aR 9T±P T ORM 1KSRx1MO1














































































































































































































































































































































































































































































































































pample cilmqhickness brconcK pilOppacer Annealing ifetime
[nm] %atK [nm] ℃ [ms]
p1 TR±P 1K1 - 9MM 1MKM±MKO
pO UR±4 MK1 - 9MM 1PKM±MKO




























































pample ΓrM ΓrisoIcalc Γexp Γnr oadiative
[s−1] [s−1] [s−1] [s−1] efficiency
p1 TM RRK1 1MM±P 44K9 MKRR
pO TM RRKS TSK9±P O1KP MKTO






























































pample br:pilOfilm εli τexp τcalc
thickness[nm] Eλ=1R4MnmF [ms] [ms]
p1 TR±P 1 1M±MKO -
p1Au TR±P -1OUKPR+11KTRi RKO±MKP SKT
p1Ag TR±P -1MPKO1+11K1Oi RKM±MK4 SKP
p1qi TR±P OK4OT+O9KR9i OK9±MKO OKU




















pample br:pilOfilm εli τexp τcalc
thickness[nm] Eλ=1R4MnmF [ms] [ms]
pO UR±P 1 1P±MKO -
pOAu UR±P -11SK91+9KTPi UKR±MK4 UK1













































pample br:pilOfilm pilOspacer εli τexp τcalc
thickness[nm] thickness[nm] Eλ=1R4MnmF [ms] [ms]
pP OM±1 ORM 1 1MK4±MKO -






















































pample br:pilOfilm pilOspacer εO εP τexp τcalc
thickness[nm] thickness[nm] Eλ=1R4MnmF [ms] [ms]
p1 TR±P - 1 - 1M±MKO -























































































































pample Γr[s−1] Γpmm[s−1] Γipt[s−1] qc q∗c
pOAg PUKS OTKR PRKS MKPU MKSR
pOAu PUKT OTKO PRKR MKPU MKSR






















































































































































































































































































































































































































































































































iatticeparameterEaMF eolesradiuso λexpmax λsimmax qo[nm] [nm] [nm] [nm]
TOO O4M 11TM 1O4M MKOO
9OM OSM 1PUR 14MM MKSP
1MPM PMM 1RTM 1ROM MK9T
1OUM PTR OMOM >1UMM MKRR





















pample oeference keAaM=1MPMnm keAaM=1OUMnm
τexp[ms] τsim[ms] τexp[ms] τsim[ms] τexp[ms]
A1M 11KU RKR 4KR SK1 RK9
APM 11KT RKU RKT SK4 SKS
























orientation corward Backward qotal corward Backward qotal
u MK1ST MKUPP 1 M MKRO MKRO
v MK1ST MKUPP 1 M MKRO MKRO
w MK1OS MKUT4 1 M MKP4 MKP4
fpl MK1R9 MKU41 1 M MKPSU MKPSU
aipole keAaM=1MPMnm keAaM=1OUMnm
orientation corward Backward qotal corward Backward qotal
u MK4O MKRS MK9U MK4P MKRR MK9U
v MK4O MKRS MK9U MK4P MKRR MK9U
w MKOR MKTR 1 MKOP MKTS MK99

























































































































































































































































































































































































































































































































































































































































































































pamples [Au] k σeffE4TSKRnmF fs fs fd n oint oint[×1MOMat/cmP] [×1M−1UcmO] [%] [%] [%] [%] [nm] [nm]
br1AuMKR-kTMM MK4P 9±P PK4±MKU MKRM MKP9 99KS1 ORKTM MKSR MKS1
br1AuMKR-eTMM MK4P 9±P OK4±MKO MKTR MKRM 99KRM TPKM4 MKT4 MKSR
br1Au1-kTOM 1KM 1O±4 PKS±MKO 1KMM MKT4 99KOS TOK9O MKS9 MKSP
brMKTAu1-kTOM 1KM 1O±4 OKT±MKO 1KS4 1KOU 9UKTO PPKR4 MKUM MKT4
br1AuR-kSOM 4KP 1S±S TK1±MKU MKO9 MK1S 99KU4 RMKR4 MK4P MK41
brMKTAuR-kSOM 4KP 1S±S UKM±1K1 MKOS MK1S 99KU4 4PKSO MK4O MK4M
br1Au1M-kSMM 9KS OM±1M PK9±MKR MKTP MKR1 99K49 PMKOU MKRM MK4U

















































































































































































































































































































pample qempK lcoordination picoordination mifntensity
[℃] k o[Å] k o[Å] [ArbKuK]
br-ue - 4K9±MKS OK1U±MKMO 1KU±MKR OKS9±MKM4 -
br-ue PMM 4KU±MKS OK1U±MKMO 1KR±MKR OKT1±MKM4 -
br-ue RMM 4KT±MKS OK1S±MKMO 1KP±MKR OKTO±MKM4 MKO±MKMR
br-ue SMM 4K9±MKS OK1S±MKMO 1KM±MKR OKT9±MKM4 MKR±MK1
br-ue TMM 4K9±MKS OK14±MKMP 1KM±MKT OKTO±MKMT 1KR±MKO
br-ue UMM RKT±MKS OK1T±MKMO MKR±MKS OKU4±MKM9 OKP±MKO
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gK-MK aelavauxIand bK MurphyI“Amplifyingfour-wavelengthcombinerIbasedon
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